Seismic risk assessment for developing countries: Pakistan as a case study by Khan, S.A. et al.
This is a repository copy of Seismic risk assessment for developing countries: Pakistan as 
a case study.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/129645/
Version: Accepted Version
Article:
Khan, S.A., Pilakoutas, K. orcid.org/0000-0001-6672-7665, Hajirasouliha, I. 
orcid.org/0000-0003-2597-8200 et al. (2 more authors) (2018) Seismic risk assessment for
developing countries: Pakistan as a case study. Earthquake Engineering and Engineering 
Vibration, 17 (4). pp. 787-804. ISSN 1671-3664 
https://doi.org/10.1007/s11803-018-0476-3
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
 Seismic risk assessment for developing countries: Pakistan as a case study 
 
Shaukat A. Khan, Kypros PilakoutasÁ, Iman Hajirasouliha2§, Reyes Garcia2* and Maurizio Guadagnini2* 
 
1. Dept. of Civil Engineering, Abasyn University, Peshawar, Pakistan  
2. Dept. of Civil and Structural Engineering, The University of Sheffield, Sheffield, UK 
 
Abstract: 0RGHUQ(DUWKTXDNH5LVN$VVHVVPHQW(5$PHWKRGVXVXDOO\UHTXLUHVHLVPR-WHFWRQLFLQIRUPDWLRQIRU3UREDELOLVWLF
6HLVPLF +D]DUG $VVHVVPHQW 36+$ WKDW PD\ QRW EH UHDGLO\ DYDLODEOH LQGHYHORSLQJ FRXQWULHV7R E\SDVV WKLV GUDZEDFN WKLV
SDSHUSUHVHQWVDSUDFWLFDOHYHQW-EDVHG36+$PHWKRGWKDWXVHVLQVWUXPHQWDOVHLVPLFLW\DYDLODEOHKLVWRULFDOVHLVPLFLW\DVZHOODV
OLPLWHGLQIRUPDWLRQRQJHRORJ\DQGWHFWRQLFVHWWLQJ+LVWRULFDOVHLVPLFLW\LVLQWHJUDWHGZLWKLQVWUXPHQWDOVHLVPLFLW\WRGHWHUPLQH
WKH ORQJ-WHUP KD]DUG 7KH WHFWRQLF VHWWLQJ LV LQFOXGHGE\ DVVLJQLQJ VHLVPLF VRXUFH ]RQHV DVVRFLDWHG ZLWK NQRZQ PDMRU IDXOWV
0RQWH&DUORVLPXODWLRQVDUHXVHGWRJHQHUDWHHDUWKTXDNHFDWDORJXHVZLWKUDQGRPL]HGNH\KD]DUGSDUDPHWHUV$FDVHVWXG\UHJLRQ
LQ3DNLVWDQ LV VHOHFWHG WRGHPRQVWUDWH WKHHIIHFWLYHQHVVRI WKHPHWKRG7KH UHVXOWV LQGLFDWH WKDW WKHSURSRVHGPHWKRGSURGXFHV
VHLVPLFKD]DUGPDSVFRQVLVWHQWZLWKSUHYLRXVVWXGLHVWKXVEHLQJVXLWDEOHIRUJHQHUDWLQJVXFKPDSVLQUHJLRQVZKHUHOLPLWHGGDWD
DUHDYDLODEOH7KH36+$SURFHGXUHLVGHYHORSHGDVDQLQWHJUDOSDUWRIDQ(5$IUDPHZRUNQDPHG(45$07KHIUDPHZRUNLV
DOVRXVHGWRGHWHUPLQHVHLVPLFULVNLQWHUPVRIDQQXDOORVVHVIRUWKHVWXG\UHJLRQ 
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1 Introduction 
([WHQVLYH KXPDQ DQG HFRQRPLF ORVVHV LQ UHFHQW PDMRU HDUWKTXDNHV ,QGRQHVLD  +DLWL 1HSDO
DQG(FXDGRUKLJKOLJKWWKHQHHGIRUDSSURSULDWHFRVW-HIIHFWLYH(DUWKTXDNH5LVN$VVHVVPHQW(5$
WRROV LQ VHLVPLF-SURQH GHYHORSLQJ FRXQWULHV 7KH ILUVW VWHS LQ WKH (5$ SURFHVV LV WKH 6HLVPLF +D]DUG
$VVHVVPHQW 6+$ ZKLFK PD\ EH GHWHUPLQLVWLF '6+$ RU SUREDELOLVWLF 36+$ 0F*XLUH  '6+$
GHWHUPLQHV WKH PD[LPXP PDJQLWXGH HYHQW IRU D VHLVPLF VRXUFH EDVHG RQ KLVWRULFDO VHLVPLFLW\ DQG JRRG
JHRORJLFDONQRZOHGJHRIWKHVHLVPLFVRXUFH2OLYHLUDDQG&DPSRV&RVWD+RZHYHUVXFKLQIRUPDWLRQLV
QRW DOZD\V DYDLODEOH LQ GHYHORSLQJ FRXQWULHV ZKHUHDV WKH PD[LPXP PDJQLWXGH HYHQW RQ LWV RZQ IRU D
VSHFLILF ]RQH LV QRW HQRXJK WR SHUIRUP (5$ 7KHQKDXV DQG &DPSEHOO  2Q WKH RWKHU KDQG 36+$
SURFHGXUHVGHWHUPLQHDSUREDELOLVWLFVROXWLRQEDVHGRQDVHULHVRIVHLVPLFHYHQWVJHQHUDWHGXVLQJDSSURSULDWH
SUREDELOLW\IXQFWLRQV0F*XLUH+DQNVDQG&RUQHOO$EUDKDPVRQ 
,Q JHQHUDO WKH VHOHFWLRQ RI WKH DSSURDFK UHTXLUHG WR GHWHUPLQH VHLVPLF KD]DUG DW D SDUWLFXODU ORFDWLRQ
GHSHQGV RQ KRZ WKH UHVXOWV ZLOO EH XVHG %RPPHU  .ULQLW]VN\  )RU LQVWDQFH 36+$ LV XVXDOO\
SHUIRUPHGIRUVHLVPLFKD]DUGPDSSLQJGHYHORSPHQWRIGHVLJQFRGHVDQGLQVXUDQFHUHLQVXUDQFHDQGILQDQFLDO
SODQQLQJIRUHDUWKTXDNHORVVHVDWWKHFRXQWU\OHYHO6RNRORYHWDO7KHUHIRUH36+$LVVXLWDEOHIRU(5$
ZKHUHDILQDOJRDOLVWRGHWHUPLQHHDUWKTXDNHORVVHVDWWKHUHJLRQDORUFRXQWU\OHYHO 
0RGHUQ36+$PHWKRGRORJ\LVEDVHGRQLQLWLDOZRUNE\&RUQHOOZKHUHSUREDELOLW\GLVWULEXWLRQVIRU
PDJQLWXGHDQGVRXUFHVLWHGLVWDQFHZHUHXVHGIRUWKHILUVWWLPH6XEVHTXHQWZRUNE\&RUQHOODQG9DQ0DUFNH
 DQG &RUQHOO  LPSURYHG WKH LQLWLDO DSSURDFK E\ LQFOXGLQJ DQ XSSHU ERXQG RQ WKH HDUWKTXDNH
PDJQLWXGHLQHDFKUHJLRQWRDYRLGWKHLQFOXVLRQRIXQUHDOLVWLFDOO\ODUJHHDUWKTXDNHV$OJHUPLVVHQDQG3HUNLQV
 DOVR XWLOL]HG WKLV PHWKRG WR SURGXFH D VHLVPLF-KD]DUG PDS E\ DVVXPLQJ D SRLQW VRXUFH IRU HDFK
HDUWKTXDNHUXSWXUH+RZHYHUHDUWKTXDNHVUHVXOWIURPWKHUXSWXUHRIILQLWHIDXOWVHJPHQWVDQGWKHUHIRUHWKHLU
VRXUFHVFDQEHFRQVLGHUHGWRKDYHDILQLWHOHQJWKRQWKHHDUWK
VVXUIDFHDQGQRWMXVWDSRLQW'HU.LXUHJKLDQDQG
$QJVWXGLHGWKLVHIIHFWDQGUHFRPPHQGHGWKDWJURXQGPRWLRQVKRXOGEHHVWLPDWHGRQWKHEDVLVRI WKH
GLVWDQFHIURPWKHVLWHWRWKHFORVHVWSRLQWRIWKHIDXOWUXSWXUHSURMHFWLRQ7KLVHIIHFWLVPRUHLPSRUWDQWIRUODUJH
PDJQLWXGHHDUWKTXDNHVWKDWRIWHQGRPLQDWHWKHVHLVPLFKD]DUGLQSODWHERXQGDU\DUHDV 
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 0RQWH&DUORVLPXODWLRQPHWKRGVFDQEHXVHGIRU36+$E\FRQVLGHULQJHSLVWHPLFXQFHUWDLQW\LQWKHKD]DUG
SDUDPHWHUV 6KDSLUD  0XVVRQ  WR JHQHUDWH V\QWKHWLF HDUWKTXDNH FDWDORJXHV (DFK V\QWKHWLF
FDWDORJXHUHSUHVHQWVWKHHDUWKTXDNHVWKDWFRXOGRFFXULQWKHVWXG\UHJLRQIRUDJLYHQSHULRGFRQVLVWHQWZLWKSDVW
REVHUYDWLRQV7KH VHLVPLF HYHQWV LQ WKH V\QWKHWLF FDWDORJXHV FDQ EH SRVLWLRQHG DQ\ZKHUH ZLWKLQ WKH VHLVPLF
]RQHV7KH0RQWH&DUORVLPXODWLRQLVDQHYHQW-EDVHGPHWKRGWKDWGRHVQRWGLUHFWO\VROYHWKHFODVVLFSUREDELOLW\
HTXDWLRQV+RZHYHUSUHYLRXVUHVHDUFK0XVVRQ&URZOH\DQG%RPPHUVKRZHG WKDWE\XVLQJD
ODUJH QXPEHU RI VLPXODWLRQV VXFK VWRFKDVWLF 36+$ PHWKRGV FDQ OHDG WR KD]DUG HVWLPDWHV FORVH WR WKH
FRQYHQWLRQDO36+$PHWKRGVEDVHGRQWKHRULJLQDODSSURDFKE\&RUQHOO$OVRXQOLNHSUHYLRXVVWXGLHVWKDWDOVR
XVHWKH0RQWH&DUORPHWKRGHJ$VVDWRXULDQVDQG$WNLQVRQWKHDSSURDFKXVHGLQWKLV(5$IUDPHZRUN
LVGLIIHUHQWEHFDXVHWKHHYHQWVLQDQHDUWKTXDNHFDWDORJXHDUHVPXGJHGWRJHQHUDWHDODUJHQXPEHURIFDWDORJXHV
E\UDQGRPL]LQJNH\KD]DUGSDUDPHWHUV 
7RDLGLQPRGHOOLQJVHLVPLFLW\ZLWKLQDUHJLRQEDVHGRQWKHPRGHUQ36+$PHWKRGRORJ\VHYHUDOFRPSXWHU
FRGHVKDYHEHHQGHYHORSHGLQWKHSDVWVXFKDV(45,6.0F*XLUH6(,65,6.,,,%HQGHUDQG3HUNLQV
(=-)5,6.0F*XLUH2+$==DEXNRYHFHWDO&5,6,62UGD]HWDO2SHQ6+$
)LHOGHWDO(4505RELQVRQDQG)XOIRUG86*6-16+01+60)5,6.0705(
 DQG *(0 *(0  7KHVH FRPSXWHU VRIWZDUH PRGHO WKH VHLVPLFLW\ ZLWKLQ D VHLVPLF ]RQH E\
DVVXPLQJDXQLIRUPRUVPRRWKHGYDULDEOHXVLQJVSDWLDORUNHUQHOPHWKRGVHDUWKTXDNHRFFXUUHQFHUDWH:KLOVW
WKH DERYH FRGHV KDYH EHHQ ZLGHO\ XVHG IRU 36+$ WKHLU PHWKRGRORJ\ LV LQ JHQHUDO DVVRFLDWHG ZLWK WKH
IROORZLQJGUDZEDFNV 
x 7KHVHOHFWLRQRIVKDSHVL]HDQGRULHQWDWLRQRIVHLVPLFVRXUFH]RQHVLVVXEMHFWLYHDVLWGHSHQGVRQWKH
XVHUV
 FKRLFHGHFLVLRQV 6WXGLHV E\ .ULQLW]VN\  RQ WKH H[SHUW RSLQLRQ 36+$ VKRZHG WKDW WKH H[SHUWV
XVXDOO\FKRVHGLIIHUHQWRULHQWDWLRQVVKDSHVDQGVL]HVIRU WKHVDPHVHLVPLFVRXUFH]RQHV7KHUHIRUHDYDLODEOH
VHLVPLFLW\ DQG WHFWRQLF LQIRUPDWLRQ FDQ OHDG WRGLIIHUHQW VHLVPLFKD]DUG DVVHVVPHQWV GHSHQGLQJ RQ WKH XVHU-
VHOHFWHGVHLVPLFVRXUFH]RQHV .KDQ+RZHYHUGLIIHUHQWSODXVLEOHVRXUFHPRGHOVPD\EHFRQVLVWHQWO\
DFFRXQWHGIRUSUREDELOLVWLFDOO\E\ORJLFWUHHVHJ%RPPHUDQG6FKHUEDXP 
x &RQYHQWLRQDO36+$PHWKRGV DVVXPH WKDW WKHKLVWRULFDO VHLVPLFLW\ GLVWULEXWHV XQLIRUPO\ RYHU VRXUFH
]RQHVRUWKDWLWLVVPRRWKHGVSDWLDOO\%HDXYDOHWDO7KHUHIRUHWKHVHLVPLFLW\LVVRPHWLPHVVPRRWKHG
RYHUODUJHUHJLRQVZKLFKVSUHDGWKHSRVVLEOHRFFXUUHQFHRIHDUWKTXDNHVLQUHJLRQVZLWKRXWKLVWRULFDOVHLVPLFLW\
7KLVPD\OHDGWRORZHUHVWLPDWLRQVRIVHLVPLFLW\LQORFDWLRQVQHDUWKHDUHDVRXUFHDQGWRKLJKHUHVWLPDWLRQVRI
VHLVPLFLW\LQUHJLRQVZLWKIHZRUQRKLVWRULFDOHDUWKTXDNHV$EUDKDPVRQ 
x 7KHPD[LPXPPDJQLWXGHV0PD[IRUWKHVHLVPLFVRXUFHVDUHGHWHUPLQHGIURPWKHIDXOWOHQJWKVRUIURP
WKHVHLVPLFLW\RI WKHDUHDVRXUFHV$VWKHVH0PD[YDOXHVDUHWKHQVPHDUHGRYHU WKHODUJHUDUHDRI WKHVHLVPLF
VRXUFH]RQHKLJK
DUWLILFLDO
3HDN*URXQG$FFHOHUDWLRQ3*$YDOXHVFDQEHDWWULEXWHGWRQHLJKERULQJUHJLRQV 
x ,QFXUUHQWSUDFWLFHLWLVDVVXPHGWKDWHDUWKTXDNHVZLWKLWXGHEHORZDVHOHFWHGORZHUERXQGDUH
QRWFRQVLGHUHGLQWKH36+$DVWKH\DUHQRWSRWHQWLDOO\GHVWUXFWLYHIRUZHOO-GHVLJQHGVWUXFWXUHV7\SLFDOO\WKH
ORZHUERXQGLVVHWDWDPDJQLWXGHRIWRVLQFHZHOO-HQJLQHHUHGVWUXFWXUHVDUHUDUHO\GDPDJHGLQHDUWKTXDNHV
OHVV WKDQ WKLVPDJQLWXGH$EUDKDPVRQ$OVRFDWDORJXHVDUHRIWHQ LQFRPSOHWH IRUVPDOOHUHDUWKTXDNHV
5HLWHU  +RZHYHU WKH XVH RI D IL[HG ORZHU ERXQG LV D VRXUFH RI LQDFFXUDF\ DV D VPDOO PDJQLWXGH
HDUWKTXDNHRFFXUULQJYHU\FORVHWRDVLWHPD\VWLOOSURGXFHDKLJKOHYHORIJURXQGPRWLRQ 
3UHYLRXVVWXGLHVKDYHSURSRVHGDSSURDFKHVZKHUHRQO\KLVWRULFDOHSLFHQWHUVDUHQHHGWRFDUU\RXWKD]DUG
DVVHVVPHQW :RR6XFKDSSURDFKHVDUHH[WUHPHO\SUDFWLFDO IRUSDUWVRI WKHZRUOGZKHUH WKHREVHUYHG
VHLVPLFLW\FDQQRWEHGLUHFWO\DVVRFLDWHGZLWKJHRORJLFDOVWUXFWXUHVHJDFWLYHIDXOWVRULQDUHDVZKHUHVFDUFH
HDUWKTXDNHGDWDPDNHVHVWLPDWLRQRIHDUWKTXDNHUHFXUUHQFHUDWKHUSUREOHPDWLF 
7KLV VWXG\ IROORZV WKLV UDWLRQDOH DQG SURSRVHV D SUDFWLFDO HYHQW-EDVHG 36+$ PHWKRGRORJ\ WR LQWHJUDWH
DYDLODEOH KLVWRULFDO VHLVPLFLW\ LQIRUPDWLRQ ZLWK LQVWUXPHQWDO VHLVPLFLW\ 7KH PHWKRGRORJ\ DOVR WDNHV LQWR
DFFRXQWWKHHIIHFWVRIWHFWRQLFVHWWLQJE\FRQVLGHULQJWKDWLQDJLYHQ]RQHHDUWKTXDNHUXSWXUHOLQHVDUHRULHQWHG
DORQJNQRZQIDXOWV7KHPHWKRGRORJ\DWWHPSWVWRDGGUHVVVRPHRIWKHDERYHPHQWLRQHGGUDZEDFNVDVVRFLDWHG
ZLWK H[LVWLQJ 36+$ PHWKRGV DQG DLPV WR EH DSSOLHG PDLQO\ LQ GHYHORSLQJ FRXQWULHV IRU ZKLFK GHWDLOHG
VHLVPLF-WHFWRQLFLQIRUPDWLRQLVQRWUHDGLO\DYDLODEOH7KHHIILFLHQF\RIWKHPHWKRGLVDVVHVVHGE\FRQVLGHULQJ
3DNLVWDQDVDFDVHVWXG\7KLVVWXG\FRQWULEXWHVWRZDUGVGHYHORSLQJIDVWHUDQGUHOLDEOHVHLVPLFULVNDVVHVVPHQWV
LQ UHVLGHQWLDO DUHDV RI GHYHORSLQJ FRXQWULHV WR DVVLVW UHOHYDQW VWDNHKROGHUV DQG GHFLVLRQ-PDNHUV RQ
SUHSDUHGQHVVHPHUJHQF\UHVSRQVHDQGPLWLJDWLRQDFWLRQV 
 
 2 Proposed PSHA approach 
7KHIORZFKDUWLQ)LJVKRZVWKHYDULRXVFRPSRQHQWVRIWKHSURSRVHG36+$PHWKRGRORJ\ZKHUHDVWKH
VXEVHTXHQWVHFWLRQVGHVFULEHLQGHWDLOWKHVWHSVLQYROYHGLQWKHFDOFXODWLRQV 
 
2.1 Generation of synthetic earthquake catalogs 
$VVKRZQLQ)LJ WKHSURSRVHG36+$PHWKRGRORJ\VWDUWVZLWK WKHFUHDWLRQRIDFDWDORJXHRIVHLVPLF
HYHQWV EDVHG RQ WKH KLVWRULFDO DQG LQVWUXPHQWDO VHLVPLFLW\ RI WKH UHJLRQ 6HLVPLF ]RQHV DUH WKHQ DVVLJQHG
SUHOLPLQDULO\ WR GHWHUPLQH WKH IDXOW W\SH DQG GLUHFWLRQ RI WKH IDXOW DVVRFLDWHG ZLWK WKH HYHQW XQGHU
FRQVLGHUDWLRQ 0RQWH &DUOR VLPXODWLRQV DUH WKHQ XVHG WR UDQGRPL]H NH\ KD]DUG SDUDPHWHUV WR UHIOHFW WKHLU
XQFHUWDLQW\DQGJHQHUDWHDODUJHQXPEHURIV\QWKHWLFHDUWKTXDNHFDWDORJXHV7KHNH\KD]DUGSDUDPHWHUVXVHGLQ
WKLV VWXG\ LQFOXGH WKH HDUWKTXDNH PDJQLWXGH HSLFHQWUDO ORFDWLRQ GHSWK RI K\SRFHQWHU DQG VRLO W\SH 7KH
HSLVWHPLFHUURUVLQWKHHVWLPDWLRQRIWKHNH\KD]DUGSDUDPHWHUVDUHXVHGLQWKHUDQGRPL]DWLRQSURFHVV  
 
2.2 Integration of historical and instrumental seismicity 
+LVWRULF HDUWKTXDNH FDWDORJXHV DUH JHQHUDOO\ LQFRPSOHWH VLQFH WKH UHJLRQDO KLVWRU\ DQG JHRORJ\ RQO\
SURYLGHV LQIRUPDWLRQ DERXW ODUJH PDJQLWXGH HDUWKTXDNHV ZKHUHDV VPDOO PDJQLWXGH HYHQWV DUH PLVVLQJ
0RUHRYHUKLVWRULFDOVHLVPLFLW\FDQSOD\DQLPSRUWDQWUROHLQ6+$DVLWPD\DGGLQIRUPDWLRQRQVHLVPLFVRXUFHV
RIDUHJLRQWKDWDUHQRWFDSWXUHGE\LQVWUXPHQWDOUHFRUGV+RZHYHUEHIRUHWKHLQVWUXPHQWDOVHLVPLFLW\FDQEH
DFFHSWHGDVEHLQJYDOLGWRSUHGLFWIXWXUHHYHQWVLQDQHZVWXG\UHJLRQLWVKRXOGEHH[DPLQHGWRHQVXUHWKDWLWLV
FRQVLVWHQWZLWK WKHKLVWRULFDOVHLVPLFLW\)RU LQVWDQFH.\WKUHRWL  LQYHVWLJDWHG WKHVHLVPLFLW\RI&\SUXV
DQGIRXQGWKDWWKHLQVWUXPHQWDOVHLVPLFLW\ZDVFRQVLVWHQWZLWKWKHKLVWRULFDOVHLVPLFLW\RIWKHVWXGLHGUHJLRQ 
)LJ 2 FRPSDUHV WKH PDJQLWXGH-UHFXUUHQFH FXUYHV FRPSXWHG EDVHG RQ KLVWRULFDO DQG LQVWUXPHQWDO
FDWDORJXHVIRU3DNLVWDQZKLFKLVWDNHQDVDFDVHVWXG\UHJLRQLQWKLVUHVHDUFKSURMHFW,WLVVKRZQWKDWFRQWUDU\
WR .\WKUHRWL
V VWXG\ WKH VHLVPLF DFWLYLW\ IURP WKH WK WR WKH WK FHQWXU\ GRHV QRW FRPSDUH ZHOO DQG LW
XQGHUHVWLPDWHV WKH VHLVPLFLW\ RI WKH WK FHQWXU\ REWDLQHG IURP LQVWUXPHQWDO GDWD +RZHYHU WKH
XQGHUHVWLPDWLRQLVYHU\OLNHO\WREHGXHWRWKHODFNRIKLVWRULFDOGDWD7KLVLVSDUWO\VXSSRUWHGE\WKHSUHVHQWHG
GDWD VLQFH WKH UHFXUUHQFH FXUYHV IRU WKH GLIIHUHQW FHQWXULHV FRQYHUJH DW WKH ODUJH PDJQLWXGHV 0Z !  DW
ZKLFK KLVWRULFDO GDWD DUH NQRZQ WR SURYLGH PRUH UHOLDEOH LQIRUPDWLRQ 6LQFH WKH WK FHQWXU\ LQVWUXPHQWDO
FXUYHGRHVQRWXQGHUHVWLPDWHKLVWRULFDO VHLVPLFLW\ LW FDQEHFRQVLGHUHGDVD UHDVRQDEOH UHSUHVHQWDWLRQRI WKH
JHQHUDOVHLVPLFLW\RI3DNLVWDQ,WVKRXOGEHPHQWLRQHGWKDWWKHLQVWUXPHQWDOVHLVPLFLW\RQO\SURYLGHVDYLHZRI
DVKRUWWLPHIUDPHIRUWKHVHLVPLFLW\ZKLFKPD\QRWUHSUHVHQWWKHORQJWHUPVHLVPLFDFWLYLW\RIDUHJLRQDWWKH
PHVR-OHYHO7RJHQHUDWHUHOLDEOHV\QWKHWLFHDUWKTXDNHFDWDORJXHV LW LV WKXVQHFHVVDU\WRLQFOXGHWKHKLVWRULFDO
VHLVPLFLW\+RZHYHULWVKRXOGEHERUQHLQPLQGWKDWKLVWRULFDOVHLVPLFLW\LVXVXDOO\YHU\OLPLWHGDQGGRHVQRW
LQFOXGHVPDOO WRPRGHUDWHHDUWKTXDNHV ,QGHHGZKLOVWKLVWRULFDOGDWDDUHDYDLODEOH IRU WKHSDVW\HDUV LQ
FRXQWULHV OLNH ,WDO\ -DSDQ &KLQD HWF 0XODUJLD HW DO  VXFK GDWD GRHV QRW H[LVW LQ PDQ\ GHYHORSLQJ
FRXQWULHV 7KH LQVXIILFLHQF\ RI HDUWKTXDNH FDWDORJXHV LV D OLPLWDWLRQ LQ DOO H[LVWLQJ PHWKRGV LQFOXGLQJ WKH
SURSRVHG(5$IUDPHZRUN 
7R FRPELQH KLVWRULFDO DQG LQVWUXPHQWDO VHLVPLFLWLHV HLWKHU %D\HVLDQ VWDWLVWLFV RU PHWKRGV OLNH .LMNR DQG
6HOOHYROO
VPD\EHXVHG ,QWKLVVWXG\DVLPSOHDSSURDFKZKLFKLVHDVLO\LQFRUSRUDWHGLQWRWKHFRGHDQG
WKDWFDQEHLPSURYHGLQIXWXUHVWXGLHVLVSURSRVHG$FFRUGLQJO\WKHKLVWRULFDOVHLVPLFLW\ZDVLQWHJUDWHGLQWR
WKH LQVWUXPHQWDO VHLVPLFLW\ VR WKDW WKH UHFXUUHQFH SDWWHUQ RI WKH LQVWUXPHQWDO VHLVPLFLW\ DW WKH PDFUR OHYHO
UHPDLQHGXQFKDQJHG)RUWKLVSXUSRVHWKHDYDLODEOHVHLVPLFLW\GDWDIRUWKHVWXG\UHJLRQZDVJURXSHGLQWRILYH
PDJQLWXGH UDQJHV DV VKRZQ LQ Table 1 7R JHQHUDWH D V\QWKHWLF HDUWKTXDNH FDWDORJXH IRU HDFK PDJQLWXGH
UDQJHQLMHDUWKTXDNHVZHUHUDQGRPO\FKRVHQRXWRIQLMHDUWKTXDNHVZKHUHLDQGMDUHFHQWXU\DQGPDJQLWXGH
UDQJHUHVSHFWLYHO\VHH 
Table 1 %DVHG RQ WKLV WHFKQLTXH WKH QXPEHU RI HDUWKTXDNH HYHQWV LQ HDFK PDJQLWXGH UDQJH UHPDLQV
VLPLODU WR WKDW RI WKH WK FHQWXU\ 7KLV HQVXUHV WKDW DOO WKH V\QWKHWLF FDWDORJXHV UHVSHFW WKH UHFXUUHQFH
UHODWLRQVKLSRIWKHVWXG\UHJLRQ7KHREVHUYDWLRQWLPHZLQGRZLQWKHSURSRVHG36+$PHWKRGGHSHQGVRQWKH
WLPH VSDQ RI WKH H[LVWLQJ UHOLDEOH LQVWUXPHQWDO GDWD XVXDOO\  \HDUV 1RWH WKDW WKH SURSRVHG PHWKRG
JHQHUDWHV HDUWKTXDNHV DW ORFDWLRQV RI KLVWRULFDO HYHQWV HYHQ LI HYHQWV KDYH QRW RFFXUUHG LQ WKH ODVW IHZ
FHQWXULHV7KHUHIRUHVSDWLDOGLVWULEXWLRQRIHDUWKTXDNHVFRYHUVDUHDVRIWKHWKFHQWXU\DQGZHOOEHIRUHWKDW
1RWH DOVR WKDW IRUHVKRFNV DQG DIWHUVKRFNV DUH QRW UHPRYHG LQ WKLV VWXG\ ZKLFK LPSOLHV WKDW WKH JHQHUDWHG
FDWDORJXHVPD\QRWVWULFWO\IROORZD3RLVVRQLDQPRGHO+RZHYHUWKHLQLWLDOVFUHHQLQJUHPRYHVHYHQWVRIQRQ-
 VLJQLILFDQWFRQVHTXHQFH3*$JLQFOXGLQJPRVWIRUHVKRFNVDQGDIWHUVKRFNV$VDUHVXOWWKHHYHQWVLQ
WKHVH FDWDORJXHV IROORZ DSSUR[LPDWHO\ D3RLVVRQLDQPRGHO 1RWH WKDW WKH3RLVVRQLDQPRGHO GRHVQRW SUHGLFW
UDUH HYHQWV ZLWK ODUJH PDJQLWXGH LQ DFWLYH HDUWKTXDNH ]RQHV 6KHQGH HW DO  %HQ-1DLP HW DO 
7KHUHIRUHWKLV(5$IUDPHZRUNXVHVWKHVFUHHQHGFDWDORJXHDVLWLVIRUJHQHUDWLQJWKHDQQXDOULVNIRUWKHUHJLRQ
0RUHRYHU (5$ LV VLJQLILFDQWO\ LQIOXHQFHG E\ ODUJH PDJQLWXGH HYHQWV DV FRPSDUHG WR ORZ DQG PRGHUDWH
HYHQWVWKDWDUHUDUHDQGGRQRWQHFHVVDULO\IROORZWKH3RLVVRQLDQPRGHO,WVKRXOGDOVREHPHQWLRQHGWKDWWKH
SURSRVHG(5$IUDPHZRUNUHTXLUHVDQDQQXDOIUHTXHQF\RIH[FHHGDQFH$)(WRFDOFXODWHDQQXDOPRQHWDU\DQG
FDVXDOW\ULVN,QWKLVVWXG\D3(RILQ\HDUVZDVVHOHFWHGWRFRPSDUHUHVXOWVRIWKHSURSRVHGPRGHOZLWK
SUHYLRXV36+$VWXGLHVIRU WKHVHOHFWHGUHJLRQZKLFKRQO\FRQVLGHUHGVXFK3(VHHQH[WVHFWLRQV+RZHYHU
WKH (5$ FDQ DFFRPPRGDWH RWKHU 3( YDOXHV 7KH GHSWK RI WKH HDUWKTXDNHV FRQVLGHUHG LQ WKH FDOFXODWLRQ RI
3*$V UDQJHV IURP  WR  NP )LQDOO\ LQ WKLV 36+$ PHWKRG WKHUH LV QR QHHG WR DVVXPH HDUWKTXDNH
UHFXUUHQFHUHODWLRQVKLSVRUWRFDOFXODWHPD[LPXPH[SHFWHGPDJQLWXGHIRUWKHVHLVPLFVRXUFHV7KLVFDQDGGUHVV
VRPHRIWKHGUDZEDFNVDVVRFLDWHGZLWKXVLQJFRQYHQWLRQDO36+$PHWKRGVDVGLVFXVVHGHDUOLHU  
 
2.3 Seismic sources 
7KH3*$FRQWRXUV LQ VPDOOPDJQLWXGH HDUWKTXDNHV Mw   DUH H[SHFWHG WREHQHDUO\ FLUFXODU DURXQG
WKHLU IRFDO SRLQW GXH WR WKH VPDOO UXSWXUH OHQJWKV DV VKRZQ VFKHPDWLFDOO\ LQ )LJ D .\WKUHRWL 
&RQYHUVHO\WKH3*$FRQWRXUVIRUVWURQJHDUWKTXDNHVFDQEHDVVXPHGDVSHUSHQGLFXODUWRWKHUXSWXUHOLQH,QD
ODUJHPDJQLWXGHHYHQW WKHUXSWXUHOLQHLVXVXDOO\RULHQWHGDORQJH[LVWLQJIDXOW OLQHV:HOOVDQG&RSSHUVPLWK
)RUH[DPSOH)LJLOOXVWUDWHVWKHVSDWLDOGLVWULEXWLRQRIREVHUYHGLQWHQVLW\IRUWKH6LFKXDQDQG
WKH&KLOHHDUWKTXDNHV 
,QWKLVVWXG\WKHIRFDOSRLQWIRUQHZUDQGRPHYHQWVZLWKODUJHPDJQLWXGHVLHMw !ZDVSODFHGZLWKLQ
DGLVWDQFHHTXDOWRWKHH[SHFWHGHUURUDURXQGWKHRULJLQDOHSLFHQWHUDVGHVFULEHGLQWKHIROORZLQJVHFWLRQDQG
VKRZQ LQ )LJ E )URP WKH HSLFHQWHU RI HDFK QHZ UDQGRP HYHQW DQ (SLFHQWUDO )DXOW /LQH ()/ ZDV
GHILQHGSDUDOOHOWRWKHJHQHUDOIDXOWGLUHFWLRQRIWKHVHLVPLFVRXUFH]RQHFRUUHVSRQGLQJWRWKHRULJLQDOVHLVPLF
HYHQW6HLVPLFVRXUFH]RQHVZHUHDOORFDWHGXVLQJWHFWRQLFLQIRUPDWLRQRQWKHGLUHFWLRQDQGW\SHLINQRZQRI
WKHPDLQWHFWRQLFIHDWXUHV 
%DVHGRQ WKHPDJQLWXGHRI WKHHDUWKTXDNHHYHQW WKH OHQJWKRI LWVFRUUHVSRQGLQJ()/FDQEHHVWLPDWHG
XVLQJDQDSSURSULDWHIDXOWOHQJWK-PDJQLWXGHUHODWLRQVKLS,QWKLVVWXG\WKHIROORZLQJUHODWLRQVKLSVZHUHDGRSWHG
:HOOVDQG&RSSHUVPLWK 
wMSLR 69.022.3)log(                                                    (1) 
wMRLD 59.044.2)log(                                                    (2) 
ZKHUH 0Z LV WKH PRPHQW PDJQLWXGH RI WKH HDUWKTXDNH ZKHUHDV 6/5 DQG 5/' DUH WKH VXUIDFH OHQJWK DQG
VXEVXUIDFH IDXOW UXSWXUH OHQJWK LQ NLORPHWHUV NP UHVSHFWLYHO\ $FFRUGLQJO\ ()/ ZDV DVVXPHG WR EH WKH
PD[LPXPRI6/5DQG5/'FDOFXODWHGXVLQJWKHDERYHHTXDWLRQV 
1RWH WKDW WRJHQHUDWH V\QWKHWLFHDUWKTXDNHFDWDORJXHV LQ WKHSURSRVHGPHWKRG WKH ORFDWLRQVRI WKHQHZ
VHLVPLFHYHQWVZHUHUDQGRPO\SODFHGZLWKLQDFLUFXODUDUHDDURXQGWKHRULJLQDOIRFDOSRLQWIRUVPDOOPDJQLWXGH
HDUWKTXDNHV )LJ D RU ZLWKLQ DQ HOOLSWLFDO VKDSH DUHD DURXQG WKH RULJLQDO ()/ IRU ODUJH PDJQLWXGH
HDUWKTXDNHV)LJE,WVKRXOGEHDOVRPHQWLRQHGWKDWLQPDQ\FDVHVV\VWHPDWLFVSDWLDOYDULDELOLW\RIJURXQG
PRWLRQDURXQGVHLVPLFVRXUFHVH[LVWVWKXVLQGXFLQJIRUZDUGGLUHFWLYLW\HIIHFWVWKDWZRXOGPRGLI\WKHSDWWHUQV
VKRZQLQ)LJ6RPHUYLOOHHWDO:KLOVWWKLVHIIHFWFDQEHWDNHQLQWRDFFRXQWLQ36+$7RWKRQJHWDO
WKHSURSRVHGPRGHODVVXPHVWKHVLPSOHDFFHOHUDWLRQDWWHQXDWLRQSDWWHUQVKRZQLQWKHILJXUH7KHUHIRUH
IXUWKHUUHVHDUFKVKRXOGLQYHVWLJDWHZD\VRILPSURYLQJQHDU-IDXOWDVVHVVPHQW 
1RWH WKDW WKLV (5$ IUDPHZRUN QRW RQO\ UDQGRPL]HV WKH ORFDWLRQ RI VLJQLILFDQW HDUWKTXDNHV RYHU ODUJH
GLVWDQFHVZLWKLQUXSWXUHOHQJWKRQHLWKHUVLGHRIWKHRULJLQDOHSLFHQWHUEXWLWDOVRUHSODFHVHYHQWVZLWKVLPLODU
PDJQLWXGHKLVWRULFDOHYHQWV WKDWPD\EH ORFDWHGIDUWKHU IURPWKHUHSODFHGORFDWLRQWKDW WRRUDQGRPL]HGRYHU
UXSWXUHOHQJWKRQHLWKHUVLGHRI WKHRULJLQDOHSLFHQWHUV7KLVZLOOJLYHUHVXOWVVLJQLILFDQWO\GLIIHUHQWIURPWKH
VPRRWKHGVHLVPLFLW\DSSURDFK7KHDXWKRUVKDYHDOVRDGDSWHGWKHIUDPHZRUNWRFRQVLGHUVHLVPLFJDSVXVLQJD
WLPH-GHSHQGDQWDSSURDFK0XO\DQLEXWWKLVZLOOEHSUHVHQWHGLQIXWXUHSXEOLFDWLRQV 
 
2.4 Uncertainty in the estimation of key hazard parameters 
,QDQDWWHPSWWRTXDQWLI\WKHHSLVWHPLFHUURUVLQWKHNH\KD]DUGSDUDPHWHUVIRUWKHVWXG\UHJLRQDYDLODEOH
 LQIRUPDWLRQRQHDUWKTXDNHUHFRUGVLH ORFDWLRQGHSWKDQGPDJQLWXGHRIHDUWKTXDNHVIURPGLIIHUHQWVRXUFHV
ZHUHFROOHFWHGDQGFRPSDUHGIRU WKHVWXG\UHJLRQ%\FRPSDULQJH[LVWLQJHDUWKTXDNHFDWDORJXHVLQ3DNLVWDQ
WKHPHDQHUURURIWKHHSLFHQWUDOORFDWLRQRIDQHDUWKTXDNHZDVHVWLPDWHGDVGHJUHHVNPIRUWKH
LQVWUXPHQWDO VHLVPLFLW\ .KDQ  ,6&  )LJ 5D VKRZV WKH GLVWULEXWLRQ RI FDOFXODWHG HUURUV IRU
ORFDWLRQ DQG PDJQLWXGH RI SDVW HDUWKTXDNHV  WR  LQ 3DNLVWDQ 7KH FDOFXODWHG PHDQ HUURU LQ WKH
HSLFHQWUDOORFDWLRQRIHDUWKTXDNHVDJUHHVZHOOZLWKSUHYLRXVUHVHDUFK.DJDQWKDWIRXQGWKLVHUURUWREH
EHWZHHQDQGNPGHSHQGLQJRQWKHGHSWKDQGPDJQLWXGHRIWKHHDUWKTXDNHV 
)LJ5EVKRZVWKHGLVWULEXWLRQRIDEVROXWHHUURUVLQPDJQLWXGHRIWKHLQVWUXPHQWDOVHLVPLFLW\LQ3DNLVWDQ
EDVHG RQ WKH H[LVWLQJ HDUWKTXDNH FDWDORJXHV 7KH UHVXOWV LQGLFDWH WKDW WKH PHDQ HUURU LQ PDJQLWXGH
GHWHUPLQDWLRQRILQVWUXPHQWDOVHLVPLFLW\LQ3DNLVWDQZDVDURXQGPDJQLWXGHXQLWV.KDQ 
,W VKRXOG EH PHQWLRQHG WKDW LQ WKH SURSRVHG 36+$ PHWKRG WKH PDJQLWXGH RI DOO HDUWKTXDNH HYHQWV LV
H[SUHVVHGXVLQJWKHPRPHQWPDJQLWXGHVFDOH0Z+RZHYHUWKHPDJQLWXGHRIVRPHRIWKHLQVWUXPHQWDODQG
KLVWRULFDOHDUWKTXDNHVLQ3DNLVWDQZDVPHDVXUHGXVLQJERG\-ZDYHPDJQLWXGH0ERUVXUIDFH-ZDYHPDJQLWXGH
0V 7KHUHIRUH WKH HUURU LQ WKH FRQYHUVLRQ RI WKH HDUWKTXDNH PDJQLWXGH WR 0Z ZDV DQRWKHU VRXUFH RI
XQFHUWDLQW\.DJDQ)LJVKRZVWKHUHODWLRQVKLSEHWZHHQWKHPHDVXUHG0ZDQGLWVFRUUHVSRQGLQJ0E
DQG0V IRUGLIIHUHQWUHFRUGHGHDUWKTXDNHVLQ3DNLVWDQDQGWKHVXUURXQGLQJUHJLRQ%DVHGRQWKLVLQIRUPDWLRQ
WKHHUURURI WKHFRQYHUVLRQ WR0ZZDVDQG IRU0E DQG0V UHVSHFWLYHO\ZLWKDFRQILGHQFH
OHYHO7KHUHIRUHWRFRQYHUWWKHHDUWKTXDNHPDJQLWXGHVWR0ZWKHIROORZLQJHTXDWLRQVZHUHDGRSWHG 
)24.0(1341.00092.1 r bW MM                                      (3) 
)18.0(2540.26334.0 r sW MM                                       (4) 
)RUHYHQWVQRW UHFRUGHG LQMw WKHHIIHFWLYHPHDQHUURU LQ WKHHDUWKTXDNHPDJQLWXGHZDVFDOFXODWHGE\
XVLQJ WKH6TXDUH5RRW RI WKH6XPRI WKH6TXDUHV 6566RI WKH HUURUV LQ WKH PDJQLWXGHGHWHUPLQDWLRQ LH
DQGPDJQLWXGHFRQYHUVLRQLHDQGIRU0EDQG0VUHVSHFWLYHO\/LNHZLVHWKHPHDQHUURUV
LQWKHGHSWKRIK\SRFHQWHUVDQGWKHVRLOSDUDPHWHUVUHTXLUHGIRUDWWHQXDWLRQUHODWLRQVKLSVZHUHFRQVLGHUHGWREH
EDVHGRQDVHQVLWLYLW\DQDO\VLVFDUULHGRXWE\.\WKUHRWL7KHVRLOSDUDPHWHUVZHUHREWDLQHGIURP
WKHJHRORJLFPDSVRIWKHUHJLRQ:KLOVW36+$FDQEHFRQVLGHUHGDVLWH-VSHFLILFDQDO\VLV0F*XLUHDQG
WKHUHIRUHJHRORJLFDOPDSVPD\QRWEHDGHTXDWHWRSURYLGHFRPSUHKHQVLYHLQIRUPDWLRQIRUPLFUR]RQDWLRQWKLV
LVRIWHQWKHRQO\DYDLODEOHLQIRUPDWLRQLQPDQ\GHYHORSLQJFRXQWULHVDQGWKHUHIRUHVXFKPDSVDUHXVHGLQWKLV
VWXG\1RWHDOVRWKDWWKHPDJQLWXGHFRQYHUVLRQUHODWLRQVKLSVXVHGKHUHZHUHGHULYHGIURPVHLVPLFGDWDVSHFLILF
IRU WKH UHJLRQ XQGHU FRQVLGHUDWLRQ +RZHYHU WKH SURSRVHG IUDPHZRUN FDQ DFFHSW PRUH JHQHUDO FRQYHUVLRQ
HTXDWLRQVVKRXOGWKHXVHUFRQVLGHUPDJQLWXGHFRQYHUVLRQDVHSLVWHPLFXQFHUWDLQW\ 
%DVHG RQ WKH DERYH LQIRUPDWLRQ D VLJQLILFDQW QXPEHU RI UDQGRP V\QWKHWLF HDUWKTXDNH FDWDORJXHV ZHUH
JHQHUDWHGWRUHSUHVHQWSRVVLEOHIXWXUHHYHQWVIRUDJLYHQSHULRGRIWLPH(DFKV\QWKHWLFFDWDORJXHFRQWDLQHGDOO
UHOHYDQW HYHQWV RI WKH RULJLQDO LQVWUXPHQWDO FDWDORJXH EXW WKHLU ORFDWLRQV PDJQLWXGHV DQG GHSWKV ZHUH
PRGLILHG DFFRUGLQJ WR WKHLU FRUUHVSRQGLQJHUURU YDOXHV DV GLVFXVVHG LQ SUHYLRXVSDUDJUDSKV7R HVWLPDWH WKH
VHLVPLFKD]DUGSDUDPHWHUVIRUHDFKQHZHYHQWLQWKHV\QWKHWLFFDWDORJXHWKHIROORZLQJHTXDWLRQZDVXVHG 
)(0 RR NeHPHP u                                                    (5) 
ZKHUH+35DQG+3DUHWKHQHZDQGRULJLQDOKD]DUGSDUDPHWHUVUHVSHFWLYHO\H LVWKHH[SHFWHGHUURUIRUWKDW
VSHFLILF KD]DUG SDUDPHWHU DQG 15 LV D UDQGRP QXPEHU EHWZHHQ - WR  IURP D XQLIRUP GLVWULEXWLRQ
$OWHUQDWLYHO\PRUHVRSKLVWLFDWHGGLVWULEXWLRQVVXFKDVQRUPDOGLVWULEXWLRQFDQEHXVHGLIWKH\FDQEHGHULYHG
IRU D SDUWLFXODU UHJLRQ7KH FXUUHQW(5$VWXG\ LV FDUULHGRXW DW XQLRQ FRXQFLO OHYHO FRQVLGHULQJ ODUJH DUHDV
:KLOVWPLFUROHYHOVRLOYDULDWLRQVDUHQRWFRQVLGHUHGLQWKHFDOFXODWLRQVFDUULHGRXWLQWKLVVWXG\WKHGHYHORSHG
(5$IUDPHZRUNFDQEHXVHGWRSHUIRUPULVNVWXGLHVDW WKHPLFUROHYHO LI WKHORFDOVRLOGDWDLVDYDLODEOH7KH
SURSRVHG36+$PHWKRGLVJHQHUDODQGIOH[LEOHDQGWKHUHIRUHXQFHUWDLQW\LQRWKHUKD]DUGSDUDPHWHUVVXFKDV
JURXQGPRWLRQYDULDELOLW\ FDQEH HDVLO\ LQFRUSRUDWHG LQ WKH FDOFXODWLRQV LI GHHPHG QHFHVVDU\ +RZHYHU WKH
SURFHGXUH GLIIHUV IURP FRQYHQWLRQDO 36+$ PHWKRGV DV WKH QHZ FDWDORJXHV DUH QRW JHQHUDWHG IURP WKH
UHFXUUHQFH UHODWLRQVKLS EXW E\ DVVXPLQJ WKDW UHFHQW VHLVPLFLW\  \HDUV LV UHSUHVHQWDWLYH RI WKH JHQHUDO
VHLVPLFLW\ IRU VPDOO HYHQWV7R UHVSHFW WKH UHFXUUHQFH UDWHV IRU HDFK]RQH FRPSHQVDWLRQ LVPDGH IRU NQRZQ
KLVWRULFDOHYHQWV 
 
 3 Determination of PGA 
)RUDOOJHQHUDWHG UDQGRPHYHQWV DQDWWHQXDWLRQ UHODWLRQVKLSZDVXVHG WRFDOFXODWH WKH3*$ OHYHO DW WKH
FHQWHU RI HDFK XQLW DUHD FRQVLGHUHG IRU 36+$ ,Q WKH FDVH RI 3DNLVWDQ WKLV XQLW DUHD 8$ ZDV WKH 
8QLRQ
&RXQFLO
ZKLFKLVWKHVPDOOHVWORFDODGPLQLVWUDWLRQXQLW7KHUHVXOWVZHUHWKHQXVHGWRGHWHUPLQHWKH36+$PDS
RI WKH VWXG\ UHJLRQ IRU WKH GHVLUHG UHWXUQ SHULRG 7KH HSLFHQWUDO GLVWDQFH UHTXLUHG WR XVH WKLV DWWHQXDWLRQ
UHODWLRQVKLS ZDV FDOFXODWHG IURP WKH JHRGHWLF FRRUGLQDWHV RI WKH HSLFHQWHU RU QHDUHVW SRLQW RQ ()/ RI WKH
UDQGRPHYHQWDQGWKHFHQWHURIHDFK8$XVLQJWKH:RUOG*HRGHWLF6\VWHP:*6%XUNH7KHJHRGHWLF
FRRUGLQDWHV\VWHP:*6ZDVLQFRUSRUDWHGLQWRWKH36+$IUDPHZRUNUDWKHUWKDQD&DUWHVLDQFRRUGLQDWHV\VWHP
WRHQDEOHWKHVWXG\RIPXFKODUJHUDUHDV 
7RGHWHUPLQHWKH3*$LQWKLVVWXG\WKH$PEUDVH\VHWDODWWHQXDWLRQUHODWLRQVKLSZDVXWLOL]HGDVLW
LQFRUSRUDWHVWKHIDXOWW\SHDQGVLWHVRLOVSHFLILFDWLRQZLWKRXWUHTXLULQJGHWDLOHGJHRORJLFDOLQIRUPDWLRQ)LJ
VKRZV WKDW WKH$PEUDVH\VHWDO DWWHQXDWLRQ UHODWLRQVKLSFRPSDUHV UHDVRQDEO\ZHOOZLWK WKH UHFRUGHG
ILHOGGDWD5DJKXNDQWDQGUHFRUGHG3*$DW$EERWWDEDG-DYHGHWDO%DURWKD0DUHHDQG7DUEHOD
%XUWRQDQG&ROHVWDWLRQVDIWHU WKH.DVKPLUHDUWKTXDNHLQ3DNLVWDQ,WVKRXOGEHPHQWLRQHGWKDW
ZKLOVW$PEUDVH\VHWDO*03(ZDVXVHGLQWKLVVWXG\RWKHUUHFHQWHTXDWLRQVHJ$NNDUHWDORU
HYHQ D VHW RI*03(V FDQ DOVR EH XVHG LQ WKHSURSRVHG PHWKRGRORJ\ +RZHYHU WKH XVH RI WKH $NNDU HW DO
PRGHOLQWKHFDOFXODWLRQVLQWKLVVWXG\LVH[SHFWHGWRFKDQJHWKHKD]DUGUHVXOWVE\OHVVWKDQ0RUH
VRSKLVWLFDWHG DWWHQXDWLRQ UHODWLRQVKLSV FDQ EH HDVLO\ LQFRUSRUDWHG LQ WKH SURSRVHG PHWKRGRORJ\ DV PRUH
LQIRUPDWLRQEHFRPHVDYDLODEOHLQWKHIXWXUH 
,QWKHSURSRVHG36+$PHWKRGWKHLQFOXVLRQRIHDUWKTXDNHHYHQWVLQWKHFDWDORJXHXVHVDPLQLPXP3*$
DW D 8$ UDWKHU WKDQ WKH HDUWKTXDNH PDJQLWXGH 7KH PLQLPXP 3*$ WKDW FDQ FDXVH GDPDJH GHSHQGV RQ WKH
YXOQHUDELOLW\RIWKHEXLOGLQJVWRFNLQWKHDUHDLQWKLVVWXG\WKHGDPDJHUDWLRZDVDURXQGIRUWKHPLQLPXP
3*$7KHUHIRUH XQOLNH FRQYHQWLRQDO 36+$ PHWKRGV QR ORZHU ERXQG PDJQLWXGH 
FXWRII SRLQW
 QHHGV WR EH
FRQVLGHUHG7KHSURSRVHGPHWKRGRORJ\LVDOVRLQGHSHQGHQWRIWKHVHOHFWHGVHLVPLFDUHDVRXUFHVDVQHZHYHQWV
DUHVPHDUHGDURXQGWKHLURULJLQDOORFDWLRQDQGWKHVHLVPLFVRXUFH]RQHVDUHXVHGRQO\WRGHWHUPLQHWKHJHQHUDO
IDXOWRULHQWDWLRQ:KLOVWWKHVHOHFWLRQRIVHLVPLFVRXUFH]RQHVLQWKLVPHWKRGLVEDVHGRQWKHGLUHFWLRQDQGW\SH
RIH[LVWLQJIDXOWVRWKHULQIRUPDWLRQFDQEHLQFOXGHGLIUHTXLUHGE\WKHDWWHQXDWLRQUHODWLRQVKLS 
 
4 Earthquake risk assessment model (EQRAM) 
7KH SURSRVHG 36+$ PHWKRGRORJ\ ZDV LQFRUSRUDWHG LQWR DQ (5$ IUDPHZRUN FDOOHG (DUWK4XDNH 5LVN
$VVHVVPHQW 0RGHO (45$0 )LJ  VKRZV WKH WKUHH PRGXOHV RI WKH (45$0 SURJUDP  36+$ 
YXOQHUDELOLW\DVVHVVPHQWDQGULVNDVVHVVPHQW7KHILUVWPRGXOHZDVGLVFXVVHGLQGHWDLOLQ6HFWLRQVDQG
ZKHUHDV WKH YXOQHUDELOLW\ PRGXOH LV WKH UHODWLRQVKLS RU UHODWLRQVKLSV EHWZHHQ GDPDJH DQG JURXQG VKDNLQJ
OHYHOV(45$0XVHVYXOQHUDELOLW\UHODWLRQVKLSVFRUUHODWLQJPHDQGDPDJHUDWLR0'5WR3*$9XOQHUDELOLW\
DVVHVVPHQWLVDFRPSOLFDWHGSURFHVVDVWKHH[LVWLQJEXLOGLQJVWRFNLQWKHPDMRULW\RIWKHGHYHORSLQJFRXQWULHVLV
PRVWO\QRQ-HQJLQHHUHGZLWKZHDNPDWHULDOVDQGSRRUFRQVWUXFWLRQSUDFWLFHV&RPSUHKHQVLYHGDWDRQGDPDJH
IURPSDVWHDUWKTXDNHVDUH LQJHQHUDOQRWDYDLODEOH LQGHYHORSLQJFRXQWULHV+RZHYHU LIDSSOLHGDW WKHPDFUR
VFDOH OHYHO EDVLF YXOQHUDELOLW\ UHODWLRQVKLSV FDQ JLYH UHDVRQDEOH UHVXOWV .\WKUHRWL  ,Q WKLV VWXG\ D
JHQHUDOIUDPHZRUNIRUGHWHUPLQLQJWKHYXOQHUDELOLW\RIVWUXFWXUHVLQGHYHORSLQJFRXQWULHV$KPDGHWDO
ZDVXVHGWRSURYLGHLQSXWGDWDIRUWKHYXOQHUDELOLW\PRGXOHRI(45$0 
7KH WKLUG PRGXOH RI (45$0 DGGUHVVHV ULVN DQG FDVXDOW\ DVVHVVPHQWV ,Q WKH FDVH RI FDVXDOW\ ULVN
FDOFXODWLRQ FDVXDOW\ PRGHOV DUH UHTXLUHG HLWKHU DV VLPSOH UHODWLRQVKLSV VXFK DV PHDQ IDWDOLW\LQMXU\ UDWLRV
DJDLQVW3*$RUPRUHDGYDQFHGPRGHOVVXFKDVWKH&REXUQDQG6SHQFHPRGHO(45$0XVHVWKH&REXUQ
DQG6SHQFHPRGHOZKLFKWDNHVLQWRDFFRXQWPXOWLSOHSDUDPHWHUVVXFKDVEXLOGLQJGDPDJHSRSXODWLRQ
RFFXSDQF\WUHQGVQXPEHURIHQWUDSSHGRFFXSDQWVDQGUHVFXHFDSDELOLW\DWYDULRXVOHYHOV7KHWKLUGPRGXOHRI
(45$0DOVRLQFOXGHVWKHEXLOGLQJLQYHQWRU\DQGSRSXODWLRQDVVHVVPHQW$VLPSOHDQGORZFRVWPHWKRGRORJ\
ZDVGHYHORSHG DQGXVHG LQ(45$0IRU EXLOGLQJ LQYHQWRU\ DVVHVVPHQWV(45$0LVEDVHGRQ D JHRJUDSKLF
LQIRUPDWLRQV\VWHPXVLQJSURSULHWDU\VRIWZDUH=HLOHU%XUNHZKLFKIDFLOLWDWHVWKHLQFRUSRUDWLRQ
RI WKH VSDWLDO DVSHFWV RI KD]DUG DQG ULVN 7KH SUREDELOLW\ RU OLNHOLKRRG RI GDPDJH DQG FRQVHTXHQW ORVV RI
HOHPHQWVDWULVNFDQEHFDOFXODWHGIURPWKHUHVXOWVRIPRGXOH 
8VLQJUHVXOWVIURPWKH36+$PRGXOHDSSURSULDWHYXOQHUDELOLW\UHODWLRQVKLSVPRGXOHDQGFDVXDOW\
PRGHOV(45$0FDOFXODWHVEXLOGLQJGDPDJHDQGFDVXDOW\ULVNVPRGXOH7KHVXEVHTXHQWVHFWLRQVGHVFULEH
 KRZ(45$0ZDVXVHGWRFDUU\RXW36+$IRU3DNLVWDQDQGDUULYHDWULVNDVVHVVPHQWLQIRUPDWLRQIRUDUHJLRQLQ
3DNLVWDQ 
 
5 Seismotectonics and source zoning data for Pakistan 
7KHJHRPRUSKRORJ\RI3DNLVWDQDUHD NPYDULHVIURPWKHKLJKPRXQWDLQVRIWKH+LPDOD\DV
+LQGXNXVK.DUDNRUXPDQG3DPLUV LQ WKHQRUWK WR WKHFRDVWOLQHRI WKH$UDELDQ6HD LQ WKH VRXWK3DNLVWDQ LV
VLWXDWHGRQ WKHZHVWHUQ-ULIWHGPDUJLQRI WKH ,QGR-3DNLVWDQ VXE-FRQWLQHQWDOSODWHDQG OLHVRQ WKHQRUWKZHVWHUQ
FRUQHU RI WKH ,QGLDQ OLWKRVSKHULF SODWH WKH VRXWKHUQ SDUW RI WKH $IJKDQ FUDWRQ DQG WKH QRUWKHUQ SDUW RI WKH
$UDELDQRFHDQLFVXEGXFWLQJSODWH=DLJKDPDQG0DOOLFN7KH,QGLDQSODWHKDVEHHQLQFROOLVLRQZLWKWKH
(XUDVLDQ SODWH IRU PRUH WKDQ  PLOOLRQ \HDUV DQG LW LV VWLOO PRYLQJ ZLWK D YHORFLW\ RI DSSUR[LPDWHO\ 
PP\HDU30'-1256$57KLVKLJKUDWHRIPRYHPHQWLVWKHFDXVHRIWKHKLJKVHLVPLFLW\RIWKHUHJLRQ
DVZHOODVRI WKHKLJKPRXQWDLQ UDQJHV)LJ VKRZV WKHVHLVPLFDFWLYLW\DURXQG WKH,QGLDQSODWHERXQGDULHV
EHWZHHQDQG,6&7KHPDMRUWHFWRQLFIHDWXUHVRI3DNLVWDQDQGVXUURXQGLQJDUHDVDUHVKRZQ
LQ)LJEDVHGRQ WKH LQIRUPDWLRQSURYLGHGE\%&3 7KHPDMRU IDXOW ]RQHV LQ3DNLVWDQ LQFOXGH WKH
6XODLPDQVWUHWFK LQ WUDQVSUHVVLRQDQG WKH+LPDOD\DQ]RQHXQGHU-WKUXVWLQJ WKH(XUDVLDQSODWH -DGRRQ
%DVHG RQ WKH VWXGLHV RI WKH 3DNLVWDQ 0HWHRURORJLFDO 'HSDUWPHQW 30'-1256$5  3DNLVWDQ DQG LWV
VXUURXQGLQJ UHJLRQV ZHUH GLYLGHG LQWR  VHLVPLF ]RQHV E\ FRQVLGHULQJ WKH GLUHFWLRQ RI PRYHPHQW RI WKH
UHJLRQ VRXUFHPHFKDQLVPRI WKH IDXOW V\VWHP DQG VHLVPLF DFWLYLW\ DQGJHRORJ\RI WKH UHJLRQ VHH )LJ 
1RWH WKDW ZKLOVW WKH VRXUFH PHFKDQLVP LV QRW DPRQJVW WKH NH\ SDUDPHWHUV UDQGRPL]HG LQ WKH SURSRVHG
PHWKRGRORJ\WKLVLQIRUPDWLRQLVXVHGDVDQLQSXW7KHWHFWRQLFFKDUDFWHULVWLFVRIWKHVHVHLVPLF]RQHVDUHOLVWHG
LQ7DEOH)RUHDFKVHLVPLF]RQH WKHJHQHUDO IDXOWGLUHFWLRQZDVGHWHUPLQHGRQ WKHEDVLVRIH[LVWLQJ IDXOWV
ZLWKLQHDFKVHLVPLF]RQH 
 
6 PSHA for Pakistan 
7R LPSOHPHQW WKH SURSRVHG 36+$ PHWKRGRORJ\ KLVWRULFDO VHLVPLFLW\ LQIRUPDWLRQ RI 3DNLVWDQ ZDV
FROOHFWHGIURPWKH30'-1256$5KLVWRULFDOGDWDEDVHWKDWLQFOXGHVVHLVPLFHYHQWVIURP$'7D[LOD
HDUWKTXDNH DQG XS WR  .DQJUD HDUWKTXDNH DV VKRZQ LQ )LJ  7KH KLVWRULFDO GDWD VKRZ WKDW PDMRU
HDUWKTXDNHVFOXVWHULQWKHQRUWKHDVWRIWKHVWXG\UHJLRQDVZHOODVLQWKHFHQWHURI3DNLVWDQQHDU4XHWWDZKHUH
DQHDUWKTXDNHRFFXUUHGLQ6RPHRIWKHLPSRUWDQWKLVWRULFVHLVPLFHYHQWVLQ3DNLVWDQDUHOLVWHGLQ7DEOH 
$QLQVWUXPHQWDOHDUWKTXDNHFDWDORJXHUDQJLQJIURP1WR1DQG(WR(ZDVREWDLQHGIURP
WKH 8. ,QWHUQDWLRQDO 6HLVPRORJLFDO &HQWUH ,6&  ,QVWUXPHQWDO VHLVPRORJLFDO GDWD IRU 3DNLVWDQ ZHUH
UHFRUGHG VLQFH  DQG WKXV WKH LQVWUXPHQWDO VHLVPLF GDWD DUH OLPLWHG WR WKH SDVW KDOI FHQWXU\ 7KH DUHD
LQFOXGHG LQ WKH LQVWUXPHQWDO FDWDORJXH LV PXFK PRUH H[WHQVLYH WKDQ WKH DUHD RI 3DNLVWDQ WR LQFOXGH DOO
HDUWKTXDNHVWKDWDUHOLNHO\WRLPSDFW3DNLVWDQ7KHVHGDWDDUHILOWHUHGWRHOLPLQDWHHYHQWVZLWKQRLPSDFW3*$
JWRPDNHWKHFDWDORJXHFRPSDFW7KHVHGDWDDUHPHUJHGLQWRDVLQJOHFDWDORJXHDVH[SODLQHGHDUOLHUWR
PDLQWDLQWKHUHFXUUHQFHUHODWLRQVKLSDWWKHPDFUROHYHO 
7KHVHOHFWHGLQVWUXPHQWDODQGKLVWRULFDOVHLVPLFLW\GDWDIRU3DNLVWDQFDWHJRUL]HGLQWRGLIIHUHQWPDJQLWXGH
UDQJHVDUHVKRZQLQTable 46\QWKHWLFHDUWKTXDNHFDWDORJXHVDUHWKHQJHQHUDWHGE\UDQGRPL]LQJWKHNH\KD]DUG
SDUDPHWHUVDVH[SODLQHGSUHYLRXVO\LQ6HFWLRQ%DVHGRQWKHVHQVLWLYLW\DQDO\VLVDPLQLPXPQXPEHURI
VLPXODWLRQV V\QWKHWLF HDUWKTXDNH FDWDORJXHV LV UHFRPPHQGHG WR OHDG WR DQ DGHTXDWH HVWLPDWLRQ RI VHLVPLF
KD]DUGIRUWKHFDVHVWXG\UHJLRQ.KDQ+RZHYHUWKHUHVXOWVSUHVHQWHGLQWKLVVWXG\DUHEDVHGRQ
V\QWKHWLFHDUWKTXDNHFDWDORJXHV 
7KH$PEUDVH\VHW DO  DWWHQXDWLRQ UHODWLRQVKLS (T ZDVXVHG WR FDOFXODWH WKH3*$ IRU HDFK
HYHQWDWHDFK8$UHJLRQRI3DNLVWDQ ሺܽሻ ൌ  ?Ǥ ? ? ? െ  ?Ǥ ? ? ?ܯௐ െ ሺ ?Ǥ ? ? ? െ  ?Ǥ ? ? ?ܯௐሻ݈݋݃ඥሺ݀ଶ ൅  ?Ǥ ?ଶሻ ൅  ?Ǥ ? ? ?ܵௌ ൅  ?Ǥ ? ?ܵ஺ െ  ?Ǥ ? ? ?ܨே ൅ ?Ǥ ? ? ?ܨ் െ  ?Ǥ ? ? ?ܨை                                                                                                          (6) ZKHUH݀LVWKHHSLFHQWUDOGLVWDQFH66 IRUVRIWVRLORWKHUZLVH6$ IRUVWLIIVRLORWKHUZLVH)1 
 IRU QRUPDO IDXOW  RWKHUZLVH )7    IRU WKUXVW IDXOW  RWKHUZLVH DQG )2    IRU RWKHU IDXOWLQJ 
RWKHUZLVH,IWKHVRLOLVQRWVWULFWO\VWLIIRUVRIWEDVHGRQWKHVRLOFODVVLILFDWLRQWKHYDOXHVRI66DQG6$FDQEH
FKRVHQEHWZHHQDQG.\WKUHRWL1RWHWKDWWKHSURSRVHGPHWKRGLVGLIIHUHQWIURPWUDGLWLRQDOHYHQWE\
HYHQWFDOFXODWLRQPHWKRGVDQGWKHUHIRUHJURXQGPRWLRQVFDWWHULVQRWH[SOLFLWO\FRQVLGHUHGLQ(T+RZHYHU
 WKH(5$IUDPHZRUNFDQDFFRPPRGDWHDQ\ W\SHRIJURXQGPRWLRQ UHODWLRQVKLSZLWK RUZLWKRXWSUHVFULEHG
VFDWWHU 
1RWH WKDW GXH WR WKH QRQOLQHDU QDWXUH RI (T  LJQRULQJ WKH JURXQG-PRWLRQ VFDWWHU ı PD\ OHDG WR
XQGHUHVWLPDWHGJURXQGDFFHOHUDWLRQV5HVXOWVLQGLFDWHWKDWWKHPD[LPXPDQGWKHDYHUDJHRIWKHFDOFXODWHG3*$
OHYHOV 32( RI  LQ  \HDUV IRU WKH FDVH VWXG\ H[DPSOH ZLOO LQFUHDVH E\ D PD[LPXP  DQG 
UHVSHFWLYHO\LIıLVLQFOXGHGLQWKHFDOFXODWLRQV7KHUHIRUHLJQRULQJWKLVIDFWRUGRHVQRWFRQVLGHUDEO\DIIHFWWKH
SUHGLFWHGUHVXOWV 
7KH JHRORJLFDO LQIRUPDWLRQ IRU HDFK 8$ ZDV REWDLQHG XVLQJ 3DNLVWDQ
V *HRORJLFDO 6XUYH\ PDS *63
DVZHOODV IURPLQIRUPDWLRQSURYLGHGE\+D\DW DQGGDWDREWDLQHGIURP WKH1DWLRQDO+LJKZD\
$XWKRULW\1+$7KHFDOFXODWHG3*$VDUHWKHQXVHGWRREWDLQ3UREDELOLVWLF6HLVPLF+D]DUGPDSVIRUWKH
UHJLRQZLWKD3UREDELOLW\RI([FHHGDQFH32(LQ\HDUVDVVKRZQLQ)LJ1RWHWKDWWKHQXPEHURI
VLPXODWLRQV LV NHSW WR  DV OHVV WKDQ\HDUV UHWXUQSHULRG DVVHVVPHQWV DUHXVXDOO\ UHTXLUHG IRU(5$RI
UHVLGHQWLDOEXLOGLQJV7KLVLQWXUQDOVRUHGXFHVFRPSXWDWLRQDOWLPH 
)LJ  FRPSDUHV WKH FDOFXODWHG KD]DUG PDS )LJ  ZLWK WKH H[LVWLQJ KD]DUG PDSV SURGXFHG E\ WKH
%XLOGLQJ&RGHRI3DNLVWDQ%&3*HRORJLFDO6XUYH\RI3DNLVWDQ*633DNLVWDQ0HWHRURORJLFDO
'HSDUWPHQW30'-1256$5DQG*OREDO6HLVPLF+D]DUG$VVHVVPHQW3URJUDP*6+$3GHYHORSHGE\
WKH 86 *HRORJLFDO 6XUYH\ 86*6  1RWH WKDW WKH *63 PDS ZDV XSGDWHG DIWHU WKH .DVKPLU 
HDUWKTXDNH EXW WKH QHZ PDS ZDV EDVHG RQ WKH ROG  *63 PDS DQG ZDV QRW GHYHORSHG XVLQJ D 36+$
DSSURDFK:KLOVWWKH30'30'-1256$5DQG%&3%&3PDSVZHUHERWKGHYHORSHGE\XVLQJ
36+$VWXGLHVWKH\VWLOOVKRZGLIIHUHQWUHVXOWVDVWKH\DUHEDVHGRQGLIIHUHQWVHLVPLF]RQDWLRQPDSV6LQFHWKH
%&3PDSLVGHULYHGIURPWKHODWHVWVWXG\LWDSSHDUVWRJLYHWKHEHWWHUUHVXOWV7KH*6+$3PDSLVSDUWRIWKH
JOREDOKD]DUGDVVHVVPHQWSURJUDPFDUULHGRXWDWWKHJOREDOVFDOHE\86*6DQGGRHVQRWSUHVHQWORFDO
VHLVPLFKD]DUGGLVWULEXWLRQIRUWKHFDVHVWXG\UHJLRQLQ3DNLVWDQ 
7KH UHVXOWV RI WKLV VWXG\ LQGLFDWH WKDW GHVSLWH VRPH GLIIHUHQFHV LQ JHQHUDO WKHUH LV D JRRG DJUHHPHQW
EHWZHHQ WKH VHLVPLF KD]DUG DVVHVVPHQW FDUULHG RXW E\ WKH SURSRVHG PHWKRGRORJ\ DQG WKH H[LVWLQJ VHLVPLF
KD]DUGPDSVRI3DNLVWDQ)LJFRPSDUHVWKHUDWLRRIDUHDVH[FHHGLQJDVSHFLILF3*$OHYHOIRUWKHGLIIHUHQW
KD]DUG PDSV ,W FDQ EH VHHQ WKDW RYHUDOO WKH PDS E\ WKH 3DNLVWDQ 0HWHRURORJLFDO 'HSDUWPHQW 30'-
1256$5JLYHVWKHKLJKHVW3*$OHYHOVZKHUHDVWKDWE\WKH*HRORJLFDO6XUYH\RI3DNLVWDQ*63
JLYHV WKH ORZHVW1RWH WKDW WKH ODWHVW36+$PHWKRG DGRSWHGE\30'-1256$5SODFHV3HVKDZDU DW3*$ 
J +RZHYHU $OL DQG .KDQ  SURYLGHG D FULWLFDO UHYLHZ RI VHLVPLF KD]DUG ]RQLQJ RI 3HVKDZDU FLW\
VXJJHVWLQJ WKDW 3*$ VKRXOG QRW EH DERYH J 7KLV LQGLFDWHV WKDW WKH H[LVWLQJ 36+$ PHWKRGV FDQ
RYHUHVWLPDWH KD]DUG 7KLV ZLOO LQFUHDVH WKH SHUFHLYHG ULVN LQ WXUQ LQFUHDVLQJ WKH FRVW RI DQ\ PLWLJDWLRQ
PHDVXUHV 
,WLVDOVRVKRZQWKDWWKHVHLVPLFKD]DUGPDSFDOFXODWHGXVLQJWKHSURSRVHG36+$PHWKRGRORJ\FRPSDUHV
ZHOOZLWKWKDWLQFOXGHGLQWKH%XLOGLQJ&RGHRI3DNLVWDQ%&3+RZHYHUWKHUHVXOWVRIWKHFXUUHQWVWXG\
OHDG WRDPRUHGHWDLOHG ORFDO VHLVPLFKD]DUGGLVWULEXWLRQZKLOHXVLQJRQO\ OLPLWHGSXEOLFO\DYDLODEOH VHLVPR-
WHFWRQLFLQIRUPDWLRQ 
 
7 Seismic risk assessment for the region of Islamabad to Peshawar 
7RGHPRQVWUDWHWKHXVHRI(45$0DVWXG\UHJLRQEHWZHHQ,VODPDEDGDQG3HVKDZDUZDVVHOHFWHGWRFDUU\
RXW(5$ 
x 'DWD RQ HDUWKTXDNH FDWDORJXH DQG VHLVPLF ]RQLQJ LV LQSXW IRU WKH VWXG\ UHJLRQ (45$0
DXWRPDWLFDOO\UHGXFHVLWE\UHPRYLQJHYHQWVRIOHVVHUFRQVHTXHQFH 
x $VLQSXW(45$0DOVRUHTXLUHVVRLOW\SHVIRUXVHLQWKH$PEUDVH\V
*03()LJVKRZV
WKH WRSRJUDSKLF DQG VRLO WRSRORJ\ PDS RI WKH VWXG\ UHJLRQ 7KH GLIIHUHQW VRLO W\SHV DQG
FRUUHVSRQGLQJ66DQG6$YDOXHVDUHJLYHQ LQTable 5$VFDQEHVHHQVLQFH WKHVHYHQ W\SHVRIVRLO
IRXQGLQWKHUHJLRQFDQQRWEHVWULFWO\FODVVLILHGDVURFNVWLIIRUVRIWVRLOWKHYDOXHV66DQG6$DUHNHSW
EHWZHHQDQGIRUFDOFXODWLRQV.\WKUHRWL 
x 7KH(45$036+$PRGXOHZDVDOVRXVHGWRGHWHUPLQHWKHORFDOVHLVPLFKD]DUGPDSIRUWKHVWXG\
UHJLRQZLWKD32(LQ\HDUV)LJD 
x 7KHEXLOGLQJ LQYHQWRU\ZDVGHYHORSHG IRU WKHFDVH VWXG\ UHJLRQE\XVLQJFHQVXVGDWD )%6
DQGVDWHOOLWHLPDJHU\.KDQ7KLVLVLQSXWWR(45$0 
 x ,QLWLDOO\ EDVLF YXOQHUDELOLW\ FXUYHV IURP *(6, *(6,  ZHUH XVHG $ IXUWKHU VWXG\ DW WKH
8QLYHUVLW\RI6KHIILHOG$KPDGHWDOKDVUHFHQWO\SURGXFHGQHZYXOQHUDELOLW\FXUYHVIRUWKH
W\SLFDO 5& VWUXFWXUHV LQ WKH UHJLRQ DQG WKHVH FXUYHV ZLOO EH DGRSWHG LQ IXWXUH VWXGLHV LQSXW WR
(45$0 
x 5HFRQVWUXFWLRQFRVWVIRUHDFKFDWHJRU\RIEXLOGLQJVZHUHDOVRREWDLQHGIURPORFDOHQJLQHHUVEDVHG
RQ WKH 1HW 3UHVHQW 9DOXH 139 RI  7KLV LV DOVR LQSXW ZLWK WKH FRUUHVSRQGLQJ YXOQHUDELOLW\
FXUYHV 
x (45$0SURGXFHGWKHPRQHWDU\ULVNDVVHVVPHQWIRU WKHVWXG\UHJLRQDVVKRZQLQ)LJE7KH
PRQHWDU\ULVNZDVDOVRFRQYHUWHGLQWRLQVXUDQFHSUHPLXP1RWHWKDWWKHUHSRUWHGULVNLQ)LJELV
WKHDYHUDJHDQQXDOULVNZLWKLQWKHFRQVLGHUHGWLPHIUDPH 
x (45$0 DOVR LQFOXGHV D FDVXDOW\ PRGXOH RI ZKLFK GHWDLOV FDQ EH IRXQG LQ .KDQ  7R
GHPRQVWUDWH WKHXVHRI WKLVPRGXOH )LJ D DQG E VKRZ WKH OLNHO\ DQQXDO IDWDOLW\ DQG DQQXDO
LQMXU\UHVXOWVIRUWKHVWXG\UHJLRQUHVSHFWLYHO\ 
x $VH[SHFWHGPRVWFDVXDOW\ULVNLVFRQFHQWUDWHGLQDQGDURXQGWKHODUJHXUEDQDUHDVRI3HVKDZDUDQG
,VODPDEDG 
)LQDOO\QRWHWKDWWKHSUHVHQWVWXG\LVSDUWRIDZLGHUSURMHFWRQHDUWKTXDNHULVNPLWLJDWLRQIUDPHZRUNIRU
GHYHORSLQJFRXQWULHVFXUUHQWO\XQGHUZD\DWWKH8QLYHUVLW\RI6KHIILHOG7KHFRPSOHWHG(45$0SURJUDPZLOO
LQFOXGH DGGLWLRQDO FRPSRQHQWV IRU WVXQDPLV ODQGVOLGHV LQGXVWULDO IDFLOLWLHV VHUYLFHV DQG RSWLPXP ULVN
PLWLJDWLRQVWUDWHJLHV 
 
8 Conclusions 
$ SUDFWLFDO 36+$ PHWKRGRORJ\ LV SURSRVHG IRU LQWHJUDWLQJ ZLWK D QHZ (5$ IUDPHZRUN (45$0 IRU
FRXQWULHV ZKHUH OLPLWHG VWXGLHV RQ WHFWRQLFV DQG VHLVPLFLW\ H[LVW 7KLV 3+6$ PHWKRG LV EDVHG RQ V\QWKHWLF
HDUWKTXDNHFDWDORJXHVWKDWDUHJHQHUDWHGE\UDQGRPL]LQJWKHNH\KD]DUGSDUDPHWHUVRIHDUWKTXDNHPDJQLWXGH
HSLFHQWUDO ORFDWLRQ GHSWK RI K\SRFHQWHU DQG EDVLF WHFWRQLF DQG JHRORJLFDO SDUDPHWHUV ([LVWLQJ KLVWRULFDO
VHLVPLFLW\GDWDDUHLQWHJUDWHGZLWKWKHPRUHFRPSOHWHLQVWUXPHQWDOVHLVPLFLW\LQVXFKDZD\WKDWWKHUHFXUUHQFH
SDWWHUQRIWKHLQVWUXPHQWDOVHLVPLFLW\UHPDLQVXQFKDQJHG7KHPHWKRGLVGHPRQVWUDWHGE\FDUU\LQJRXWD36+$
VWXG\IRU3DNLVWDQ7KH36+$UHVXOWVFRPSDUHZHOOZLWKSUHYLRXV36+$VWXGLHV,QSDUWLFXODUWKHUHVXOWVDUH
FRQVLVWHQWZLWKWKH36+$PDSLQFOXGHGLQWKHPRVWUHFHQW1DWLRQDO%XLOGLQJ&RGHRI3DNLVWDQ7KLVLQGLFDWHV
WKDW WKH SURSRVHG PHWKRG FDQ EH VXLWDEOH IRU JHQHUDWLQJ KD]DUG PDSV LQ UHJLRQV ZKHUH OLPLWHG GDWD DUH
DYDLODEOH(45$0ZKLFKLQWHJUDWHVWKH36+$PHWKRGZDVWKHQXVHGWRJHQHUDWH(5$IRUDVHOHFWHGUHJLRQ
EHWZHHQ,VODPDEDGDQG3HVKDZDU$VH[SHFWHGPRVWFDVXDOW\ULVNLVFRQFHQWUDWHGLQDQGDURXQGWKHODUJHXUEDQ
DUHDV RI 3HVKDZDU DQG ,VODPDEDG 7KH SURSRVHG IUDPHZRUN FDQ EH H[WHQGHG WR RWKHU GHYHORSLQJ UHJLRQV
DURXQG WKH ZRUOG DQG LWV UHVXOWV FDQ EH XVHG WR DVVLVW UHOHYDQW VWDNHKROGHUV DQG GHFLVLRQ-PDNHUV RQ
SUHSDUHGQHVVHPHUJHQF\UHVSRQVHDQGPLWLJDWLRQDFWLRQV 
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Fig. 1 Flowchart of the proposed PSHA process 
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Fig. 2 Magnitude-recurrence relations computed with the data from historical and instrumental catalogues in 
different centuries for the study region in Pakistan 
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Table 1 Inclusion of historical seismicity into the synthetic instrumental catalogues 
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Table 2 Tectonic characteristics of seismic zones 
Zone Name Seismic 
activity 
Max. 
magnitude 
General fault direction 
(bearing from north) 
Fault 
mechanism 
1 Kohistan-Kashmir Very high 7.6 NW-SE (110°) Thrust 
2 Northern Balochistan Very high 7.0 NE-SW (315°) Thrust 
3 Quetta-Sibi Very high 7.5 E-W (285°) Thrust 
4 Southern Baluchistan Low 5.0 NE-SW (320°) Strike-slip 
5 Northern Afghanistan-Tajakistan High 6.0 E-W (265°) Thrust 
6 Hindu Kush Very high 7.0 N-S (235°) Strike-slip 
7 North Western Afghanistan-Tajikistan Border Region Very high 7.0 NE-SW (325°) Thrust 
8 Eastern Afghanistan Low 4.0 NE-SW (320°) Strike-slip 
9 Makran Coast Low 5.0 E-W (250°) Thrust 
10 Runn of Kuchch High 8.1 NW-SE (115°) Strike-slip 
11 Sindh-Punjab Very low 4.0 NE-SW (170°) Strike-slip 
12 Pamir Kunlun Low 6.0 NW-SE (125°) Thrust 
13 Indian Kashmir Low 6.0 NW-SE (95°) Thrust 
14 Upper Punjab-NWFP Low 5.0 NE-SW (170°) Thrust 
15 Chitral High 6.5 NW-SE (95°) Thrust 
16 Koh e Sulaiman Low 4.0 NE-SW (170°) Strike-slip 
17 South West Iran High 6.0 E-W (240°) Strike-slip 
18 Western Baluchistan High 6.0 N-S (190°) Strike-slip 
19 Central Southern Afghanistan Very low 4.0 NE-SW (320°) Strike-slip 
 
 
 
Table 3 Some major seismic events in Pakistan from the PMD-NORSAR catalogue 
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 Table 4 Instrumental and historical seismicity data of Pakistan categorized into different magnitude ranges 
 
 
 
Table 5 Formation of different soil types and SS and SA values in the study area. 
6RLOW\SH )RUPDWLRQ 6RLOW\SH 66 6$ 
6RLO +RORFHQH8QFRQVROLGDWHG6LOW&OD\6DQGDQG*UDYHO 6RIW   
6RLO (RFHQHDQGSDOHRFHQHURFNV6KDOHV/LPHVWRQH6DQGVWRQHDQG6LOWVZLWK
&RQJORPHUDWH 
6WLII   
6RLO 3UH-&DPEULDQ DQG -XUDVVLF URFNV 4XDUW]LWH 0DUEOH *UDSKLWH 6FKLVW
*UDQLWH6\HQLWHDQG'LRULWH 
5RFN   
6RLO 0LRFHQH URFNV 6LOWVWRQH 6DQGVWRQH &RQJORPHUDWH 5HG-EURZQ
0XGVWRQHDQG+DUG6DQGVWRQH 
6WLII   
6RLO +RORFHQH6LOW6DQGDQG*UDYHO 6RIW   
6RLO 3UH-&DPEULDQ PHWDPRUSKLF VHGLPHQWDU\ DQG &DUERQLIHURXV WR SUH-
&DPEULDQ URFNV 6FKLVW 4XDUW]LWH 'RORPLWH 0DUEOH 3K\OLWHV
/LPHVWRQHDQG6ODWH 
5RFN   
6RLO &DPEULDQ LJQHRXV URFNV PRVWO\ *UDQLWH DQG /HXFRFUDWHWLF 6LOLFHRXV
*QHVV 
5RFN   
 
&HQWXULHV 0DJQLWXGH0ZUDQJH 
 - - - -  
WK       
WK       
WK  -     
WK - -     
WK - -     
WK - -     
WK - - -    
WK - - -    
7RWDO(YHQWV       
